Abstract. Neupane K, Gautam AP, Regmi A. 2017. Trends of land cover change in a key biological corridor in Central Nepal. Asian J For 1: 64-69. The study analyzed the changes in land cover in one of the key biological corridors in Central Nepal called the Barandabhar Corridor located in Chitwan District, during the last two decades (i.e. 1991 to 2013). The study is based on analysis of satellite imageries (Landsat 5 TM of 1991 and Landsat 8 OLI_TIRS of 2013) and primary data on drivers of land cover change, collected from the field. Supervised Maximum Likelihood method of image classification was used to produce the land cover maps for 1991 and 2013. The result showed that forest cover in the corridor increased by 7.03% while the coverage of shrubland, water and other land cover types decreased during the study period. Implementation of community based forest management programs, low dependency on forest resources, and increase in conservation awareness among the local people are found to be the main causes behind the increase in forest cover.
INTRODUCTION
Several regions around the world are facing land cover change in alarming rate. Concern about change in biophysical attributes of the earth's surface has highly increased on global environmental change research (Lambin et al. 2003) . Land cover change analysis has been recognized as an essential aspect for identifying impact of change on environment and associated ecosystems (Turner et al. 1995; William et al. 1994) . Land cover change occurs in both human activities and natural process. Land use practices such as agricultural expansion, infrastructure developments, deforestation, and encroachment are expected to have largest impact on land cover change (Lambin et al. 2003) . In addition, population growth (Geist and Lambin 2002) and climate change (Fischlin and Midgley 2007) have been considered as a major driving force of land cover change.
Remote sensing and Geographic Information Systems (GIS) are the most feasible and efficient tools that provide updated information on temporal trends and spatial distribution for change detection and land-use planning (Lambin et al. 2003; Serra et al. 2008) . Satellite imageries have been widely used for the change detection over time (Balla et al. 2007 ) along with visual assessment of physical features and natural resources dynamics that occur at a particular time and place (Awasthi 2004) . Analysis of satellite images of same area taken on different times is widely used method for determining the temporal dynamics of land use (Mulders 2001) . Since the past two decades trend of using satellite remote sensing data for change detection has been considerably increased in Nepal (Sharma 2002 ). For example, several studies (e.g., Balla et al. 2000; Gardner and Gerrard 2001; Gautam et al. 2003) have been carried out to analyze land use land cover change, deforestation and forest degradation using remote sensing data.
Barandabhar Corridor is the only remaining natural forest that connects the Chitwan National Park (CNP) and Siwalik range with the Mahabharat range (Dhakal and Yadava 2011) , thereby allowing the endangered onehorned rhinoceros, and Royal Bengal tiger, and many other species of wild animals and birds access to refuge at higher altitudes during monsoon floods (Tiwari et al. 2007 ) and other periods of adverse climatic conditions. Approximately 75% of Barandabhar corridor was previously forested, supporting a rich diversity of flora and fauna (Joshi 2002; Bennett 2004) . However, the anthropocentric pressure on Barandabhar Corridor has increased substantially over the period (Thakur 2012) resulting the area in deforestation, destruction of natural habitats and conversion of forest land into agricultural land (Shrestha 2001) . Since, the study of land cover change in Barandabhar corridor are lacking, limited past studies were focused on investigating deforestation and forest degradation (Panta et al. 2008; WWF 2013) and few other were done in floral diversity (Subedi, 1994; Dangol and Shivakoti 2001; Shrestha 2003) . Therefore, the present study aims to fill this gap in knowledge with the aim of understanding the trends of land cover changes along with its driving forces by monitoring, assessing and documenting the changes taken in past two decades .
MATERIALS AND METHODS

Study area
The Barandabhar Corridor is located within the Terai Arc Landscape of Nepal between Chitwan National Park (CNP) and the Mahabharat Range, within 27°33'30" to 27°44'30"N Latitude and 84°22'30" to 84°34'00" E Longitude (Figure 1 ) and covering 11,155.77 hectares (ha). The elevation ranges from 172m to 390m above the mean sea level. The climate is subtropical, with distinct winter (November-February), spring (May-September) and monsoon (June-September) seasons. The average annual rainfall is recorded 2000mm during the monsoon season. Rapti, Budhi-Rapti, and Khageri are the main rivers that flow through the forest. A Ramsar-enlisted wetland called the Bishazari Tal, lies in the center of the forest.
The Corridor is divided by the East-West Highway into two parts. The northern part covers an area of 3,184 ha, which is managed by 15 community forestry users groups (Aryal et al. 2012) . The southern part has been declared as buffer zone of CNP and is managed by six buffer zone community forest users groups (CNP 2013). Sal (Shorea robusta) is the dominant tree species throughout the corridor forest. Riverine, tall grass land and short grass land, occupy part of the corridor area. The area is a key habitat for some endangered species, including the Royal Bengal tiger (Panthera tigris tigris) and one-horned rhino (Rhinocerous unicornis) (CNP 2013).
Agriculture represents the main source of livelihood of the local people (CBS 2012) . The local inhabitants include many ethnic groups, including Brahmin, Chhetri, Tharus, and other ethnic groups. Most of the people are migrated to the area from hills and other places.
Data collection
Two types of satellite imageries namely; Landsat 5 TM of 1991, and Landsat 8 OLI_TIRS of 2013 were used for the detection of changes in land cover during the study period. These images were downloaded free of cost from the Earth Resource Observation System Data Centre of the USGS (http: //www.glovis.usgs.gov). A brief description of the satellite images used is shown in Table 1 . Topographic map of the scale 1: 25,000, which was acquired from the Department of Survey, Government of Nepal, was digitized for creating spatial database and classifying 1991 TM image. Data of the different land cover classes obtained from field study (GPS location) was used as training samples.
Non-spatial data were collected through questionnaire survey, key informant interviews, focus group discussions, and direct field observations in order to identify the major driving forces responsible for the land cover changes. A total of 80 households around the forest corridor were selected based on stratified random sampling method for the questionnaire survey. Focus group discussion was conducted with different community and users groups. In 
Data analysis
The analyses of the remote sensing data were carried out in Arc GIS, and ERDAS Imagine environments. Images were extracted from the same source and already ortho-rectified, so rectification was not needed (ERDAS 2002) . Images were reprojected to the UTM 44 N by using nearest neighborhood re-sampling. Area of Interest (AOI) was separated by using subset tool of ERDAS Imagine to match the satellite image for the topo-sheet compatible. Digitized map was re-projected to UTM/WGS 84, Zone 44 N to match with satellite images.
Maximum likelihood algorithm of supervised classification method was used for the classification of two imageries. GPS locations corresponding to each LULC classes were collected from the field and used as training samples for the image classification and accuracy assessment. Four land cover classes were considered in image classification for producing land cover maps and detecting changes that occurred during the period 1991-2013: (i) forest, (ii) shrubland, (iii) water bodies, iv) others (open land, sand, and road). Description of these land cover classes is presented in Table 2 . Digitized topographic map was used to classify 1991 TM image whereas 2013 OLI_TIRS image were classified based on training samples collected during field visit.
Land cover changes were calculated using raster calculator tool in Arc GIS. Similarly, quantitative and qualitative data were analyzed by using descriptive statistical tools such as frequency, percentage and mean in SPSS and MS-Excel software.
Accuracy assessment
Error matrix, the most common way to present accuracy of classified digital image (Fan et al. 2007 ), was used for assessing the accuracy of the classified images. The overall accuracy of the 1991 image classification was 88.5% with Kappa coefficient of 84.6%, and that of the 2013 image was 92.78% with Kappa coefficient of 90.3%.
RESULTS AND DISCUSSION
Change in land use and land cover of Barandabhar Corridor during 1991-2013
From the comparison of land cover maps of 1991 and 2013, it is found that forest area has increased by 7.03%, whereas the coverage's of shrubland, water and other land cover types (open land, sand, and road) decreased by 2.88%, 0.59%, and 3.55% respectively. Forest covered 7,650 ha (68.57%) area in 1991, which increased at the rate of 0.44% per year to 8433.72 ha (75.60%) in 2013. Shrub land, water body and other land cover types (open land, sand, and road) have decreased by 321.75 ha, 65.43 ha, and 396.54 ha respectively, at the rate of 0.86%, 1.5% and 1.48% per year. Net forest gain during this period was 783.72 ha (7.03%) (Table 3; Figure 2 -5). The similar trend was observed in the previous land use land cover studies conducted in different locations across Nepal see, e.g., (Gautam et al. 2003; Balla et al. 2007; Pokhrel and Shah 2008) . Factors contributing to the changes in land cover Implementation of the Community Forestry (CF) and Buffer Zone Community Forestry (BZCF) programs are found to be the major direct drivers responsible for the increase in forest cover in the corridor. Effective law enforcement in the BZCF by the Chitwan National Park office and conservation of their respective forest blocks by the local community forest user groups led to increase the forest area. Decreased dependency of the local people on forest products such as fuelwood, timber, and fodder due to easy availability of alternatives like LP gas, kerosene, fuel oil, bio-gas, improved cooking stoves etc., alongside improved economic well-being of the people living around the corridor have reduced the biotic pressure on the corridor forest, contributing to forest cover increase. Furthermore, control in grazing by the CFUGs, decrease in number of livestock and fodder demand from forest due to the promotion of stall-feeding also have had a positive impact on vegetative cover. Plantation establishment by the Department of Forests, FUGs, and BZFUGs on degraded forestlands, barren lands, and grasslands with external assistance has contributed to the forest cover increase. Different national and international organizations (such as NTNC, WWF Nepal) are also involved in the conservation and management of the corridor. Currently, the Corridors and Bottlenecks Restoration Project (CBRP) and Protected Area and Buffer Zone (PABZ) projects are being implemented under TAL program. Increasing awareness among local people about the ecological benefits of protecting and sustainably managing forests also had/has positive impact on the forest cover change.
Invasion by alien plant species has been found to be an important driving agent for decrease in the area of lakes. The Ramsar-enlisted Bishazari Lake is infested with invasive alien plants such as Eichhornia crassipes (water hyacinth), Pistia stratiotes (water lettuce), Alternanthera philoxeroides (alligator weed), Ipomoea carnea (bush morning glory), Ageratina adenophora (Crofton weed) and Leersia hexandra (southern cut grass). Sedimentation is found to be another factor responsible for reducing lake surface area. Change in the course of flow by Rapti River has resulted in conversion of riverbed into grassland. Construction of East-west Mahendra highway within the forest land, new towns, high voltage electric transmission lines around the forest corridor, and newly constructed road connecting from new Padampur to Bhojad by VDC also have a direct contribution towards land cover change throughout the study area.
The findings of this study are similar to some other previous studies conducted in different parts of Nepal in recent years. For example, the forest cover change analysis carried out in 20 districts of Nepal during 1990/91 to 2000/2001 by the Department of Forests showed that forest cover increased at annual rate of 0.06% during the period (DoF 2005). In the study of land cover change in watershed level, Gautam et al. (2003) found increase in forest cover due mainly to conversion of shrublands into forests after implementation of the community forestry program.
Conclusions
The study analyzed the trends of changes in land cover of Barandabhar corridor using Landsat satellite images and GIS. The results show that forest area is the major land cover and has increased by the rate of 0.44% per annum during the period 1991-2013. In contrary, shrubland, water and other land cover types (open land, sand, and road) have decreased by the rate of 0.86%, 1.5% and 1.48% per annum respectively. The findings of this study indicate that successful implementation of community-based forest management (CBFM) programs have contributed positively toward restoring the forest cover in the corridor.
Formation of community forest, active participation of CFUGs, involvement of different national and international organizations for the conservation and management of corridor and low dependency on forest resources are the major drivers of increasing forest cover. Control of illegal felling and grazing, protection of severely degraded forest land and plantation in barren land have increased regeneration growth which is being converted into dense forest cover. Whereas, expansion of invasive alien plant species, sedimentation, changes in flow of Rapti River, infrastructures development are found to be the major drivers for decreasing shrubland, water bodies, and other (open land, sand, and road) land cover types. The positive impact of community-based institutions in improving forest cover in the study area provides an important basis for implementing community-based strategies in the management of protected area buffer zones and biological corridors in other locations in Nepal and other countries with similar socio-economic and ecological contexts.
